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(57) A rotor end turn winding and 
support system of a dynamoelectric 
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radial position to facilitate the winding 
of the small, flexible conductors 30 of a 
superconducting rotor. 






ROTOR CE(fTERLINE J 

FIG. 3 



A 2106721 




1 



GB 2 106 721 A 1 



SPECIFICATION 

Rotor end turn winding and support structure 

5 Background and summary of the invention 
This invention relates to a dynamoelectric 
machine including a superconductive rotor, and to 
field coils of dynamoelectric machine rotor and in 
particular the end turn section of a rotor field coil of a 

10 superconducting electrical generator. 

Generator rotor coils which are not superconduct- 
ing are subjected to centrifugal forces due to the 
rapid rotation of the rotor during operation. In typical 
designs, these forces are compensated for by a 

15 retaining ring which is securely fastened around the 
radially outward surface of the end turn section of 
the rotor coil. In conventional generators, the rotor 
winding is not subjected to significant forces in 
either the axial or circumferential directions. 

20 Rotor coils of a superconducting generator, in 
contrast to the conventional rotor described above, 
experience substantial axial and circumferential 
forces due primarily to the fact that a stator of a 
typical superconducting generator does not utilize a 

25 laminated core to contain its stator coils. The 

resulting flux paths, therefore, do not pass through 
the teeth of a stator coil, instead they are directed in 
such a way as to exert significant forces on the rotor 
coil in varied directions. 

30 For these reasons, the end turn section of a 

superconducting rotor's field winding requires rigid 
support in the axial and circumferential directions 
besides the normal radial support requirements due 
to the centrifugal forces described above. If the coils 

35 are not rigidly constrained, the axial and circum- 
ferential forces described above will cause the coils 
to move and experience a temperature rise caused 
both by frictional effects and the work performed 
during this motion. Any creation of heat within the 

40 rotor coils will have a deleterious effect on the 
cryostabifity of a superconducting rotor and must 
therefore be avoided. 

Another significant difference between conven- 
tional and superconducting rotor coil support re- 

45 quirements is that a superconducting rotor coil 
utilizes a conductor which is more flexible and of a 
smaller cross-sectional area than the larger, more 
rigid rotor coil of a conventional generator. The 
smaller, flexible conductor is more difficult to wind 

50 because of its tendency to migrate from its desired 
physical position during the rotor winding operation. 

According to the present invention a dynamo- 
electric machine includes a superconductive rotor, 
said rotor comprising a field winding comprising a 

55 straight portion and an end turn portion, said 

straight portion being disposed in axial slots in said 
rotor, said end turn portion extending axially from 
said slots, said end turn portion comprising a 
plurality of coils, each coil comprising a plurality of 

60 conductor stacks, each stack comprising a plurality 
of conductors extending radially from said rotor at a 
preselcted angle from a plane which is perpendicular 
to the centerline of said rotor, a plurality of arcuate 
support blocks, each suport block having a substan- 

65 tialiy L-shaped cross-seciion comprising an axial and 



a radial leg, said coil stack being disposed radially 
adjacent to said axially extending leg and axially 
adjacent to said radially extending leg, insulative 
means to prevent electrical communication between 

70 said conductor coil and said support block, an end 
turn cylinder disposed radially outward from said 
conductor coils and said support blocks, and a 
retaining tube disposed radially outward from said 
end turn cylinder. 

75 Advantageously, the smaller, flexible conductor of 
superconducting rotors, which are subjected to 
multi-directional forces during operation, require a 
winding configuration and technique to compensate 
for these physical conditions which are significantly 

80 different than those customary in conventional rotor 
field coils. 

The present invention provides physical support in 
the radial, circumferential and axial directions to 
prevent the above-described forces from causing 
85 motion in the rotor coils during operation. Furth- 
ermore, an end turn winding made in accordance 
with the present invention is tilted from a directly 
radial configuration in order to facilitate its construc- 
tion during the winding operation. 
90 The rotor conductors are associated in a conductor 
stack that is supported by an arcuate support block 
that has a substantially L-shaped cross-section. The 
conductor stack is electrically insulated from the 
support block by a plurality of arcuate insulative 
95 members with wedge-shaped cross-sections. A rigid 
end turn cylinder is placed radially outward from the 
support block and conductor stack with a rigid 
retaining tube disposed radially outward from the 
end turn cylinder. 
1 00 The above-described configuration provides sub- 
stantial coil support in all directions while permitting 
the conductor stack to be wound in a tilted, as 
opposed to radial, configuration. 
The invention will now be described, byway of 
105 example, with reference to the drawings, in which: 
Figure 1 depicts a rotor coil configuration of a 
conventional generator; 

Figure 2 is a sectional view of a conventional rotor 
winding, similar to that shown in Figure 1, disposed 
110 in a conventional rotor and encased by a retaining 
ring; 

Figure 3 illustrates a conductor stack and associ- 
ated support apparatus made in accordance with the 
present invention; and 

115 Figure 4 shows a plurality of rotor conductor 
stacks and support apparatus made in accordance 
with the present invention and assembled in a 
superconducting rotor. 
The present invention can best be understood 

120 from a preliminary discussion of the rotor coil 

configuration for a conventional generator. Figure 1 
depicts the rotor coils of a two-pole rotor which is 
conventional, not superconducting. The coils com- 
prise straight sections 10 which are to be located in 

125 rotor slots (not shown) and the end turn sections 12 
which extend axially from a slotted rotor body. Each 
of the two poles comprises a plurality of conductor 
turns. In Figure 1 these turns are six in number for 
each pole. The straight section 10 of each turn 

130 extends axially for a preselected distance and is 
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joined to an end turn section 12. The bend 14 
performs a mechanical and electrical connection 
between the straight 10 and end turn 12 sections and 
provides a transition from straight conductors to 
5 arcuate conductors. 

Referring to the sectional view shown in Figure 2, 
the end turn conductors 12 are shown positioned 
radially outward from the rotor extension 19 and 
axially outboard from the main rotor body 20. The 

10 end turns 12 comprise a plurality of conductors 
associated in a columnar structure. These columns 
are perpendicular to the centerline of the rotor and 
are separated by insulative blocks 22. An insulative 
cylinder 24 is disposed around the columns 12 and a 

15 retaining ring 26 provides radially inward support 
which prevents distortion of the coils 1 2 due to 
centrifugal forces during rotation of the rotor. 

It should be apparent from Rgure 2 that the end 
turn columns 12 are being supported only in a 

20 radially inward direction by the retaining ring 26 and 
that the insulative blocks 22 serve primarily as 
spacers, providing no substantial axial or circum- 
ferential support. This minimal support is sufficient 
in conventional rotors because of the lack of axial or 

25 circumferential forces on the coil end turns 12. 

Rgure 3 illustrates a sectional view of a rotor end 
turn and support system constructed in accordance 
with the present invention. A plurality of conductors 
30 are associated in stacks. In Figure 3, eighteen of 

30 these conductors 30 are positioned in each stack but 
it should be understood that variations of this 
number can be accommodated within the scope of 
the present invention. A plurality of stacks are 
associated in a conductor coil 32. As shown, twelve 

35 stacks are so associated but the present invention is 
not limited to this specific number. In this example, 
therefore, two hundred and sixteen of these conduc- 
tors 30 are grouped into one conductor coil 32 which 
forms a single end turn of a rotor field winding. It 

40 should be noted that the conductor stack of Figure 3 
can be distinguished from the conventional end turn 
1 2 of Figures 1 and 2 by the fact that the present 
invention comprises a plurality of conductor stacks 
of relatively small, flexible conductors 30 whereas a 

45 conventional end turn 1 2 is a single column of larger, 
more rigid conductors. 

Adjacent to four sides of the conductor coil end 
turn 32 are insulative blocks 34, 35, 36 and 37. These 
blocks are arcuately shaped with wedge-shaped 

50 cross-sections as shown in the sectional view of 
Figure 3. The four insulative blocks, 34 to 37, and the 
conductor coil end turn 32 are supported by an 
arcuate support block 40a which has a generally 
L-shaped cross-section. Two other support blocks, 

55 40b and 40c, are shown in Figure 3 which similarly 
support other conductive coils (not shown). It should 
be apparent that the insulative blocks, 34 to 37, 
provide electrical insulation between the conductor 
coil 32, the adjacent support blocks 40a and 40b and 

60 the end turn cylinder 50. 

The cross-sectional shape of these four insulative 
blocks is chosen to result in a conductor end turn 32 
position which is tilted by a preselected angle, 0, 
from a line Ft which is perpendicular to the centerline 

65 of the rotor. The dimensions of the insulative blocks. 



34 to 37, are also chosen to provide for a space 44 in 
which electrical connections between conductor 
stacks can be made. 
Since the conductor coil 32 is contructed one stack 
70 at a time, it has been found that the conductors 30 of 
a wound stack tend to migrate out of a position at the 
end turn during the subsequent winding of other 
stacks if the conductor coil 32 is constructed perpen- 
dicular to the centerline of the rotor (i.e. angle 9 = 
75 zero). However, with an angle, 6, of a few degrees, 
the end turn conductors 30 remain in position during 
assembly and the winding operation is condsider- 
ably facilitated. On each axial side of the insulative 
block assembly, an insulative sheet 46 provides 
80 additional insulation to prevent electrical communi- 
cation between the coil end turn and the support 
blocks 40 and 41 through the coplanar interfaces 
between adjacent insulation blocks. 
As end turn cylinder 50 is positioned around the 
85 above-described assembly of support blocks (e.g. 
40a, 40b and 40c), conductor stacks 32 and insulative 
blocks (e.g. 34 to 37). This cylinder 50 can be made in 
a single piece or, preferably, of two or more arcuate 
sections, in order to prevent motion of the above- 
90 described assembly relative to the rotor, pins 48 are 
applied to fasten the support blocks (reference 
numerals 40 to 42) to the rotor and the end turn 
cylinder 50 to the support blocks. The pins 48, 
support blocks and end turn cylinder 50 should be 
95 made of materials which have similar moduli and 
thermal coefficients of thermal expansion in order to 
equalize the effects of temperature and forces on 
these components. 
Referring again to Figure 2, it should be apparent 

100 that the retaining ring 26 of a conventional rotor is 
shrunk onto the rotor body 20 only at its nose 
portion on the pole head 27. When the rotor is in 
operation, its rotation produces centrifugal forces 
which cause the retaining ring 26 to expand in a 

1 05 radially outward direction along its portion which 
lies outboard from this point 27. The retaining ring 
26 moves radially in and out due to speed fluctua- 
tions along with the end turns 12 around which it is 
disposed. This movement, as described above, is 

1 10 very undesirable in a superconducting rotor. 

Rgure 3 shows the distinction between the retain- 
ing tube 56 of the present invention and the 
conventional retaining ring described above. The 
retaining tube 56 is shrunk onto the rotor and coil 

1 1 5 assembly along its entire length. This shrink fit 

extends axially along the pole head, support blocks 
and flange portion (reference numeral 58 in Rgure 
4). The fact that the entire retaining tube 56 is 
subjected to a shrink fit prevents its movement 

1 20 during operational speeds of rotation and thereby 
virtually eliminates any possible motion of the end 
turn assembly. 

It should be understood that, although Figure 3 
shows only one conductor coil and insulative block 

1 25 assembly in detail located adjacent to support block 
40, each support block (i.e. 40a, 40b, 40c, etc) is 
associated with assemblies which are similar to the 
one shown except in dimensions that relate to their 
different axial positions on the rotor 19. 

130 Figure 4 shows a sectional view of a rotor body 20 




and extension 19 with a field coil end turn assembly 
constructed in accordance with the present inven- 
tion. Typically, the end turn assembly is located 
between a flange portion 58 and a pole head portion 
5 59 of the rotor body 20 which, together form an 
annular cavity. In this cavity, the support blocks 40, 
insulative blocks (reference numerals 34 to 37) and 
conductor stacks 32 are contained. It should be 
understood that in Figure 4, reference numeral 32 is 
1 0 used to designate a conductor end turn which 
comprises a plurality of conductors 30 illustrated in 
Figure 3. Figure 3 also shows the end turn cylinder 
50 and retaining tube 56 positioned radially outward 
from the end turn assembly and shrunk onto the 
1 5 rotor and coil assembly along its entire length. 

The differences between the present invention and 
the end turn construction of conventional rotors can 
be more clearly realized by comparing the conven- 
tional design shown in Figure 2 to the present 
20 invention shown in Figure 4. It should be apparent 
that the arcuate end turn conductor coil 32 is tilted at 
a preselected angle from a radial position while the 
conventional conductor column 12 extends radially 
from the rotor. Also the present invention provides 
25 axial and circumferential support for the conductor 
end turn with support block 40a and insulative 
blocks 34 to 37 while this type of support is not 
required in conventional rotors. For radially inward 
support the conventional rotor utilizes a retaining 
30 ring 26 in combination with an insulative tube 24 
while the present invention uses an end cylinder 50 
and a retaining tube 56 with the insulative block 37 
providing electrical insulation between the conduc- 
tor coil end turns 32 and the end turn cylinder 50. 
35 The present invention provides a rotor end turn 
assembly and support system that supports the end 
turn conductors in all directions and facilitates the 
manufacture of the rotor coils during the winding 
operation. 

40 

CLAIMS 

1. A dynamoelectric machine including a super- 
conductive rotor, said rotor comprising a field 

45 winding comprising a straight portion and an end 
turn portion, said straight portion being disposed in 
axial slots in said rotor, said end turn portion 
extending axially from said slots, said end turn 
portion comprising a plurality of coils, each coil 

50 comprising a pluraity of conductor stacks, each stack 
comprising a plurality of conductors extending ra- 
dially from said rotor at a preselected angle from a 
plane which is perpendicular to the centerline of said 
rotor, a plurality of arcuate support blocks, each 

55 support block having a substantially L-shaped cross- 
section comprising an axial and a radial leg, said coil 
stack being disposed radially adjacent to said axially 
extending leg and axially adjacent to said radially 
extending leg, insulative means to prevent electrical 

60 communication between said conductor coil and 
said support block, an end turn cylinder disposed 
radially outward from said conductor coils and said 
support blocks, and a retaining tube disposed radial- 
ly outward from said end turn cylinder. 

65 2. A machine as claimed in claim 1 , wherein said 
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end turn cylinder comprises a plurality of arcuate 
sections. 

3. A machine as claimed in claim 1 or 2, wherein 
said insulative means comprises a plurality of arcu- 

70 ate insulative members, each of which has a sub- 
stantially wedge shaped cross-section. 

4. A machine as claimed in claim 3, an insulative 
sheet disposed between said arcuate insulative 
members and said support blocks. 

75 5. A machine as claimed in any one of claims 1 , 
including at least one pin extending radially through 
said end turn cylinder and into said support block 
and at least one pin extending radially through said 
support block into said rotor. 

80 6. A machine as claimed in any one of claims 1 to 

5, wherein said insulative means is disposed proxi- 
mate said conductor coil with sufficient space be- 
tween said insulative means and said conductor coll 
to permit electrical connections to be made between 

85 conductor columns of the same conductor coil, and 
insulative spacer blocks disposed proximate said 
electrical connections. 

7. A machine as claimed in any one of claims 1 to 

6, wherein said support block and said end turn 
90 cylinder are made of the same material. 

8. A machine as claimed in any one of claims 1 to 

7, wherein said preseicted angle of the conductors 
extending radially is between five and ten degrees. 

9. A machine as claimed in any one of claims 1 to 
95 8, wherein said retaining tube is disposed about said 

rotor and said end turn assembly with a shrink fit 
substantially along its entire length. 

10. A dynamoelectric machine, including a su- 
perconductive generator, constructed and adapted 

100 for use substantially as hereinbefore described and 
illustrated with reference to the accompanying draw- 
ings. 
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